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(57) ABSTRACT 

Provided is a compound light emitting device which facili 
tates easy connection of power Supply lines, and has a high 
emission intensity in-plane uniformity. The light emitting 
device includes a first-conduction-type cladding layer, active 
layer structure, and second-conduction-type cladding layer 
each containing a III-V compound semiconductor. The first 
conduction-type cladding layer and second-conduction-type 
cladding layer sandwich the active layer structure. The light 
emitting device includes a first-conduction-type-side elec 
trode (7) for injecting carriers into the first-conduction-type 
cladding layer, and a second-conduction-type-side electrode 
(6) for injecting carriers into the second-conduction-type 
cladding layer. The first-conduction-type-side electrode (7) 
has an opening (7p). The second-conduction-type-side elec 
trode (6) has a main-electrode-portion (6-0) partially sur 
rounded by the first-conduction-type-side electrode (7), and 
extracting portions (6-1, 6-2) for extracting the main-elec 
trode-portion (6x-0) outside the first-conduction-type-side 
electrode (7) though the opening (7p). The main-electrode 
portion (6-0) is a part of a constant-width figure. The interval 
between the outer edge of the main-electrode-portion (6-0) 
and the inner edge of the first-conduction-type-side electrode 
(7) is almost constant. 
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LIGHT EMITTING DEVICE 

TECHNICAL FIELD 

0001. The present invention relates to a compound semi 
conductor light emitting device and, more particularly, to a 
light emitting device which has a first-conduction-type clad 
ding layer, active layer structure, and a second-conduction 
type cladding layer each containing a III-V compound semi 
conductor, and in which the first-conduction-type cladding 
layer and the second-conduction-type cladding layer sand 
wich the active layer structure. 

BACKGROUND ART 

0002 Light emitting devices using III-V compound semi 
conductors are known. Examples are a red light emitting 
device made of an AlGaAs-based material or AlGanP-based 
material formed on a GaAs Substrate, an orange or yellow 
light emitting device made of a GaAsP-based material formed 
ona GalP Substrate, and an infrared light emitting device made 
of an InGaAsP-based material formed on an InP substrate. 
0003 Light emitting devices are classified into, for 
example, a light emitting diode (LED) using spontaneous 
emission light, and a laser diode (LD) or semiconductor laser 
having an optical feedback function for extracting stimulated 
emission light. Light emitting devices can be used as, for 
example, a display device, communication device, high-den 
sity optical recording light source device, high-accuracy opti 
cal processing device, and medical device. 
0004 Particularly from the 1990s, high-efficiency blue 
and green LEDs using In, Al, Ga-N-based, III-V com 
pound semiconductors (0sXs 1, 0sys1, and 0sX+ys 1) 
containing nitrogenas a group-V element have been realized. 
0005. In addition, an LED having a high efficiency even in 
an ultraviolet region has been realized by the later research 
and development, and a blue LD has also been put on the 
market. 
0006 Increasing the output and efficiency of particularly 
the ultraviolet or blue LED has a large industrial significance. 
A white LED can be realized by integrating the high-output, 
high-efficiency blue or ultraviolet LED with a phosphor. The 
white LED is regarded as promising in illuminating applica 
tions. 
0007 To increase the output, that is, to improve the total 
radiant flux of a light emitting device, it is essential to increase 
the size of the light emitting device and secure a high robust 
ness against a high input power. Also, a large-area light emit 
ting device has the emission characteristics of an area source, 
and is particularly Suitable for illuminating applications. 
0008. In a light emitting device obtained by simply 
increasing the area of an ordinary Small-sized light emitting 
device while maintaining its structure, it is difficult to make 
uniform the emission intensity in the entire light emitting 
region. 
0009 Various attempts have been made to increase the 
in-plane uniformity of the emission intensity of a light emit 
ting device. For example, attempts to increase the in-plane 
uniformity of the emission intensity of a single light emitting 
device are disclosed in patent references 1 to 4. Each of patent 
references 1 to 4 has disclosed a light emitting device having 
a structure in which one electrode (an outer electrode) com 
pletely surrounds the whole circumferential surface of the 
other electrode (an inner electrode). 
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0010. On the other hand, to provide area light sources, 
patent references 5 to 7 have disclosed light emitting devices 
in each of which a plurality of light emitting portions are 
arranged on one Substrate. 
(0011 Patent reference 1: Japanese Patent No. 3,136,672 
(0012 Patent reference 2: Japanese Patent No. 3,244,010 
0013 Patent reference 3: Japanese Patent Laid-Open No. 
2002-319705 

0014 Patent reference 4: Japanese Patent Laid-Open No. 
10-209496 

(0015 Patent reference 5: Japanese Patent Laid-Open No. 
11-15O303 

0016 Patent reference 6: Japanese Patent Laid-Open No. 
2002-26384 

(0017 Patent reference 7: Japanese Patent Laid-Open No. 
2003-115611 

DISCLOSURE OF INVENTION 

Problems that the Invention is to Solve 

0018. In the light emitting device described in patent ref 
erence 1, one electrode completely surrounds the other elec 
trode, so the inter-electrode distance is almost uniform. 
Therefore, sufficiently even light emission is expected if the 
size of the whole device is as small as about 350 Lum. When 
further increasing the size of the device, however, it is difficult 
to uniformly inject carriers into the entire active layer. As a 
consequence, non-uniform light emission is achieved. Also, 
the light emitting device described in patent reference 1 is 
essentially unsuited to flip chip mounting that is effective in 
increasing the output, since one electrode completely Sur 
rounds the other electrode. For example, when the light emit 
ting device is mounted on a heat sink block by flip chip 
mounting, an approach to the central electrode always inter 
sects the peripheral electrode portion. This requires three 
dimensional connection. Three-dimensional connection 
reduces the sectional area of a connection formed by a metal 
material between the electrode and a lead, and decreases the 
efficiency of heat radiation from the light emitting device to 
the heat sink block, thereby making the output difficult to 
increase. 

0019. In patent reference 2, if the size of the device is 
increased as a similar figure, the width of the electrode 
changes from one place to another. This makes it difficult to 
obtain uniform light emission as the size of the device 
increases. 
0020. The structures described in patent references 3 and 4 
are also essentially unsuitable for flip chip mounting, which is 
effective in increasing the output, since one electrode com 
pletely surrounds the other electrode. For example, when the 
device is mounted on a heat sink block by flip chip mounting, 
an approach to the electrode in the central portion always 
intersects the peripheral electrode portion, and the problems 
as described above arise. 

0021. Furthermore, patent references 1 to 4 have not dis 
closed any idea of increasing the overall dimensions of the 
light emitting device by arranging a plurality of light emitting 
portions. 
0022. Patent references 5 to 7 have disclosed the light 
emitting devices in order to provide area light sources. How 
ever, patent references 5 to 7 are irrelevant to making uniform 
emission intensity in each individual light emitting portion 
for providing the area light source. 
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0023. It is an object of the present invention to provide a 
light emitting device which is advantageous in increasing the 
area of a light emitting region, increasing the in-plane unifor 
mity of the emission intensity, and improving the heat radia 
tion properties. 

Means of Solving the Problems 

0024. A light emitting device according to the first aspect 
of the present invention has a first-conduction-type cladding 
layer, an active layer structure, and a second-conduction-type 
cladding layer each containing a III-V compound semicon 
ductor, and the active layer structure is sandwiched between 
the first-conduction-type cladding layer and the second-con 
duction-type cladding layer. The light emitting device com 
prises a first-conduction-type-side electrode configured to 
inject carriers into the first-conduction-type cladding layer, 
and a second-conduction-type-side electrode configured to 
inject carriers into the second-conduction-type cladding 
layer. The first-conduction-type-side electrode has an open 
ing. The second-conduction-type-side electrode has a main 
electrode portion partially surrounded by the first-conduc 
tion-type-side electrode, and an extracting-portion 
configured to extract the main-electrode portion outside the 
first-conduction-type-side electrode through the opening. 
The main-electrode portion is a part of a curve of constant 
width, and the distance between the outer edge of the main 
electrode portion and the inner edge of the first-conduction 
type-side electrode is almost constant. 
0025. In a preferred embodiment of the present invention, 
the active layer structure, the second-conduction-type clad 
ding layer, and the second-conduction-type-side electrode 
can be arranged on a surface of the first-conduction-type 
cladding layer in a first direction, and the first-conduction 
type-side electrode can be formed on the surface of the first 
conduction-type cladding layer in the first direction to par 
tially surround the active layer structure, the second 
conduction-type cladding layer, and the second-conduction 
type-side electrode. 
0026. In a preferred embodiment of the present invention, 
the light emitting device can further comprise a Supporting 
plate. The Supporting plate can Support one of the two Sur 
faces, from which the first-conduction-type-side electrode 
and the second-conduction-type-side electrode are exposed, 
of a structure including the first-conduction-type cladding 
layer, the active layer structure, the second-conduction-type 
cladding layer, the first-conduction-type-side electrode, and 
the second-conduction-type-side electrode. 
0027. In a preferred embodiment of the present invention, 
the curve of constant width can include a circle and a Reu 
leaux polygon (e.g., a Reuleaux triangle). 
0028. In a preferred embodiment of the present invention, 
assuming W be the width of the main-electrode portion, W 
preferably satisfies 

400 meWs 2500 m (6) 

0029. In a preferred embodiment of the present invention, 
the extracting-portion can include a portion that narrows 
toward the main-electrode portion. 
0030. In a preferred embodiment of the present invention, 
the extracting-portion can include a rectangular portion. 
0031. In a preferred embodiment of the present invention, 
assuming W be the width of the main-electrode portion and 
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Libe the width of a portion where the main-electrode portion 
and extracting-portion are in contact with each other, W and 
L preferably satisfy 

W720sLs W (7) 

0032. In a preferred embodiment of the present invention, 
assuming L be the outer edge length of a portion of the 
second-conduction-type-side electrode which is Surrounded 
by the first-conduction-type-side electrode, and L be the 
outer edge length of a portion of the second-conduction-type 
side electrode which is a part of the curve of constant width, 
L and L preferably satisfy 

0033. In a preferred embodiment of the present invention, 
assuming X be the distance between the outer edge of the 
main-electrode portion and the inner edge of the first-conduc 
tion-type-side electrode, X preferably satisfies 

3 mexis500 m (9) 

0034. In a preferred embodiment of the present invention, 
the main-electrodeportion preferably comprises a plurality of 
main-electrode portions. 
0035. In a preferred embodiment of the present invention, 
the peripheral portion of the second-conduction-type-side 
electrode is preferably covered with an insulator. 
0036. In a preferred embodiment of the present invention, 
the first-conduction-type-side electrode is preferably config 
ured to inject carriers into the first-conduction-type cladding 
layer through an opening formed in an insulator. 
0037. In a preferred embodiment of the present invention, 
the insulator favorably contains at least one material selected 
from the group consisting of SiO, AIO, TiO, TaC., Hf), 
ZrO, six, AlN, AlF. BaF, CaF, Srf, and MgF. 
0038. In a preferred embodiment of the present invention, 
the insulator can comprise a plurality of layers. 
0039. In a preferred embodiment of the present invention, 
the first-conduction-type cladding layer, the active layer 
structure, and the second-conduction-type cladding layer 
each desirably contain an element selected from the group 
consisting of In, Ga., Al, B, and N. 
0040. In a preferred embodiment of the present invention, 
the active layer structure favorably comprises a quantum well 
layer and a barrier layer, and, assuming B be the number of 
barrier layers and W be the number of quantum well layers, B 
and W preferably satisfy 

B=1 (10) 

0041. In a preferred embodiment of the present invention, 
the light emitting device can further comprise a first-conduc 
tion-type contact layer between the first-conduction-type 
cladding layer and the first-conduction-type-side electrode. 
0042. In a preferred embodiment of the present invention, 
the light emitting device can further comprise a second-con 
duction-type contact layer between the second-conduction 
type cladding layer and the second-conduction-type-side 
electrode. 
0043. In a preferred embodiment of the present invention, 
the first-conduction-type cladding layer desirably comprises 
an n-type semiconductor layer, and the second-conduction 
type cladding layer desirably comprises a p-type semicon 
ductor layer. 
0044 A light emitting device according to the second 
aspect of the present invention has a first-conduction-type 
cladding layer, an active layer structure, and a second-con 
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duction-type cladding layer each containing a III-V com 
pound semiconductor, and the active layer structure is located 
between the first-conduction-type cladding layer and the sec 
ond-conduction-type cladding layer. The light emitting 
device comprises a first-conduction-type-side electrode con 
figured to inject carriers into the first-conduction-type clad 
ding layer, and a second-conduction-type-side electrode con 
figured to inject carriers into the second-conduction-type 
cladding layer, the first-conduction-type-side electrode has 
an opening, the second-conduction-type-side electrode has a 
main-electrode portion partially Surrounded by the first-con 
duction-type-side electrode, and an extracting-portion con 
figured to extract the main-electrode portion outside the first 
conduction-type-side electrode through the opening, and the 
extracting-portion includes a first extracting-portion extend 
ing through the opening, and a second extracting-portion 
formed along a part of the outer edge of the first-conduction 
type-side electrode. 
0045. A light emitting device according to the third aspect 
of the present invention has a first-conduction-type cladding 
layer, an active layer structure, and a second-conduction-type 
cladding layer each containing a III-V compound semicon 
ductor, and the active layer structure is sandwiched between 
the first-conduction-type cladding layer and second-conduc 
tion-type cladding layer. The light emitting device comprises 
a first-conduction-type-side electrode configured to inject 
carriers into the first-conduction-type cladding layer, and a 
second-conduction-type-side electrode configured to inject 
carriers into the second-conduction-type cladding layer, the 
first-conduction-type-side electrode includes a straight por 
tion having an outer edge formed by straight lines, and has an 
opening in an almost central portion of the straight portion, 
and the second-conduction-type-side electrode has a main 
electrode portion partially surrounded by the first-conduc 
tion-type-side electrode, and an extracting portion configured 
to extract the main-electrode portion outside the first-conduc 
tion-type-side electrode through the opening. 

EFFECTS OF THE INVENTION 

0046. The present invention can provide a light emitting 
device advantageous in increasing the area of a light emitting 
region, increasing the in-plane uniformity of the emission 
intensity, and improving the heat radiation properties. 

BRIEF DESCRIPTION OF DRAWINGS 

0047 FIG. 1 is a plane view showing the structure of a 
compound semiconductor light emitting device of the first 
embodiment of the present invention; 
0048 FIG. 2 is a plane view showing the structure of a 
compound semiconductor light emitting device of the second 
embodiment of the present invention; 
0049 FIG. 3 is a plane view showing the structure of a 
compound semiconductor light emitting device of the third 
embodiment of the present invention; 
0050 FIG. 4 is a plane view showing the structure of a 
compound semiconductor light emitting device of the fourth 
embodiment of the present invention; 
0051 FIG. 5 is a plane view showing the structure of a 
compound semiconductor light emitting device of the fifth 
embodiment of the present invention; 
0052 FIG. 6A is an exemplary sectional view taken along 
a line aa' in FIGS. 1 and 2: 
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0053 FIG. 6B is an exemplary sectional view taken along 
a linebb' in FIG. 1; 
0054 FIG. 6C is a view exemplarily showing an active 
layer structure suited to the embodiments shown in FIGS. 1 to 
5: 
0055 FIG. 7A is a view showing the first example of a 
light emitting device having a plurality of main-electrode 
portions of a preferred embodiment of the present invention; 
0056 FIG. 7B is a view showing the second example of 
the light emitting device having a plurality of main-electrode 
portions of a preferred embodiment of the present invention; 
0057 FIG. 8 is a view showing the third example of the 
light emitting device having a plurality of main-electrode 
portions of a preferred embodiment of the present invention; 
0.058 FIG.9A is an exemplary sectional view taken along 
a line aa' in FIG. 7A: 
0059 FIG.9B is an exemplary sectional view taken along 
a linebb' in FIG. 7A: 
0060 FIG. 10 is a view showing the first example of flip 
chip mounting of a light emitting device of a preferred 
embodiment of the present invention; and 
0061 FIG. 11 is a view showing the second example offlip 
chip mounting of a light emitting device of a preferred 
embodiment of the present invention. 

EXPLANATION OF REFERENCE NUMERALS 

0062 1... substrate 
0063. 2... buffer layer 
0.064 3. . . first-conduction-type cladding layer 
0065 3m ... protuberant portion 
0.066 3o . . . peripheral portion 
0067 3s ... sidewall 
0068 4... active layer structure 
0069 5 ... second-conduction-type cladding layer 
0070. 6... second-conduction-type-side electrode 
0071 6-0... main-electrode-portion 
0.072 6-1 ... first extracting-portion 
0.073 6-2 ... second extracting-portion 
0074 6a ... second-carrier-injecting-region 
0075 7... first-conduction-type-side electrode 
0.076 7a . . . first-carrier-injecting-region 
0.077 7p . . . opening (cut portion) 
0078 8... insulator 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

007.9 The present invention relates to a III-V compound 
semiconductor light emitting device and, more particularly, 
to a light emitting device which has a first-conduction-type 
cladding layer, an active layer structure, and second-conduc 
tion-type cladding layer each containing a III-V compound 
semiconductor, and in which the active layer structure is 
sandwiched between the first-conduction-type cladding layer 
and second-conduction-type cladding layer. The III-V com 
pound semiconductor is preferably a compound semiconduc 
tor containing N (nitrogen) as a group-V device, that is, a GaN 
(gallium nitride)-based material. 
0080. In this specification, the explanation of the shape 
and dimensions of an electrode for injecting carriers into a 
cladding layer relates to the shape and dimensions of that 
region of the whole section of the electrode, which functions 
to inject carriers into the cladding layer, if the whole section 
of the electrode does not function to inject carriers into the 
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cladding layer. For example, in an electrode formed to fill an 
opening formed in an insulator, not the whole section but a 
portion of the section which comes in direct contact with a 
cladding layer through the opening or comes in indirect con 
tact with the cladding layer through the opening via another 
layer contributes to the injection of carriers into the cladding 
layer. Therefore, the explanation of the shape and dimensions 
of the electrode is the explanation of the shape and dimen 
sions of the contact portion, that is, the carrier-injecting 
region. Note that the widest region of an electrode is some 
times the same as the carrier-injecting-region. In the 
following explanation, the carrier-injecting-region will also 
be described in each section in order to prevent misunder 
standing. However, the explanation of the shape and dimen 
sions of an electrode should be interpreted as described 
above, regardless of the presence/absence of the description 
of the carrier-injecting-region. 
0081. In this specification, a description expressing the 
positional relationship between objects such as layers, mem 
bers, and structures, for example, the description that an 
object is placed on another object means not only a positional 
relationship by which the two objects are in contact, but also 
a positional relationship by which the two objects are not in 
contact (e.g., a state in which still another object or space is 
interposed between the two objects), unless otherwise speci 
fied. 
0082 In this specification, an epitaxially grown layer can 
include a layer having undergone certain processing, for 
example, a carrier activation process using annealing, 
charged particles, a plasma, or the like, after epitaxial growth. 
I0083. In this specification, letting n be the refractive index 
of each of n sorts of materials forming a layer and tX (X is 1 to 
n) be the physical thickness of the material, an average refrac 
tive index n of the layer is given by 

0084. The structures of compound semiconductor light 
emitting devices and methods of fabricating the same accord 
ing to preferred embodiments of the present invention will be 
explained in detail below with reference to the accompanying 
drawings. 
I0085 FIGS. 1 to 5 are plan views showing the structures of 
compound semiconductor light emitting devices of five pre 
ferred embodiments of the present invention. Typically, in the 
light emitting devices of the preferred embodiments of the 
present invention, the back side of the drawing Surface of each 
of FIGS. 1 to 5 can be a main light extracting direction. Note 
that FIGS.3 to 5 each illustrate only the electrode shape of the 
light emitting device. FIG. 6A is an exemplary sectional view 
taken along a line aa' in FIGS. 1 and 2. FIG. 6B is an exem 
plary sectional view taken along a linebb' in FIG. 1. FIG. 6C 
is a view exemplarily showing an active layer structure Suited 
to the embodiments shown in FIGS. 1 to 5. Note that the main 
object of these drawings is to explain characteristic elements 
of the invention. Therefore, each drawing exemplarily shows 
the positional relationship between objects such as layers, 
members, and structures, and is not an enlarged view of the 
structure of an actually manufacturable light emitting device. 
I0086. The semiconductor light emitting devices of the pre 
ferred embodiments of the present invention can contain a 
compound semiconductor. This compound semiconductor 
can include a III-V compound semiconductor containing a 
nitrogen atom as a group-V element. A Substrate 1 can be 
made of a material that transmits the wavelength band of light 
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generated by the light emitting device (or can be made of a 
transparent material). Typically, the substrate 1 is preferably 
made of a material by which the light output from the light 
emitting device does not decrease by 50% or more by absorp 
tion by the substrate 1. 
I0087. The substrate 1 is preferably an insulating substrate. 
When an insulating substrate is used as the substrate 1, the 
function of the light emitting device does not deteriorate even 
ifa conductive material such as solder adheres to the substrate 
1 when the light emitting device is mounted on a Support by 
flip chip mounting. More specifically, when epitaxially grow 
ing a GaN-, InGaN-, AlGaN-, or InAlGaN-based light emit 
ting material or InAlBGaN-based material on the substrate 1, 
the substrate 1 is preferably made of a material selected from 
the group consisting of Sapphire, SiC. GaN. LiGaO, ZnO, 
and ScAlMgO, and most preferably, sapphire. 
I0088. The substrate 1 can be not only a just substrate 
completely determined by a so-called crystal plane index, but 
also a so-called off-angle Substrate (miss-oriented Substrate) 
in order to control the crystallinity during epitaxial growth. 
The off-angle substrate has the effect of promoting favorable 
crystal growth in a step-flow mode, and hence has the effect of 
improving the morphology of the device. Accordingly, the 
off-angle Substrate is widely used as a Substrate. For example, 
when using a Sapphire c+ plane Substrate as a Substrate for 
crystal growth of a GaN-based material, it is desirable to use 
a plane inclining about 0.2° in the m+ direction. A substrate 
having a fine inclination angle of about 0.1° to 0.2° is gener 
ally widely used as the off-angle substrate. In a GaN-based 
material formed on Sapphire, however, a relatively large off 
angle may also be made in order to cancel out an electric field 
applied by the piezoelectric effect on a quantum well layer as 
a light emitting point in the active layer structure. 
I0089. The substrate 1 may also be, for example, chemi 
cally etched or annealed beforehand in order to fabricate a 
compound semiconductor light emitting device by using the 
crystal growth technique such as MOCVD or MBE. In addi 
tion, the surface of the substrate 1 may also be intentionally 
patterned. This makes it possible to suppress the introduction 
of threading dislocation generated in the interface between 
the substrate 1 and an epitaxial layer formed on it to the active 
layer structure or its vicinity of the light emitting device. 
0090 The substrate 1 may also be removed during the 
fabrication process of a light emitting device. For example, 
when mounting the light emitting device on a Support by flip 
chip mounting, the substrate 1 can be lifted off from the whole 
structure. When the substrate 1 is thus removed, processing 
for improving the device characteristics can be performed on 
a buffer layer 2. 
(0091. Of the two surfaces of the buffer layer 2, the surface 
from which the substrate 1 is peeled off is often a nitrogen 
surface when the buffer layer 2 is made of a GaN-based 
material. The nitrogen Surface can be processed, for example, 
roughened more easily than a Sapphire Substrate or Ga Sur 
face. 

0092. Furthermore, the thickness of the substrate 1 is typi 
cally set at about 350 to 700 um in the initial stages of the 
fabrication process of the light emitting device, thereby 
ensuring a high mechanical strength required in the process. 
When not removing but leaving the substrate 1 behind in the 
light emitting device structure, the Substrate 1 is thinned in a 
polishing step during a series of processes. The thickness of 
the substrate 1 is preferably about 100 um in the final light 
emitting device. 
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0093. When mounting the light emitting device on a Sup 
port by flip chip mounting, one of the two Surfaces of the 
substrate 1 on which no epitaxial growth is performed is the 
main light extracting direction. Assuming that this Surface is 
called a light extracting Surface, the light extracting Surface is 
favorably an unflat surface or a roughened surface. When the 
light extracting Surface is an unflat Surface or a roughened 
Surface, light emitted in the quantum well layer(s) can be 
extracted at a high efficiency. This is favorable in increasing 
the output and efficiency of the device. 
0094. When removing the substrate 1, the exposed surface 
of the buffer layer 2 is preferably an unflat surface or a 
roughened surface. 
0095. When epitaxially growing cladding layers and an 
active layer structure on the substrate 1, the buffer layer 2 can 
be formed between the substrate 1 and the cladding layer in 
order to, for example, Suppress dislocation, reduce the incom 
pleteness of the Substrate crystal, and reduce various types of 
mutual mismatching between the Substrate crystal and epi 
taxially grown layers. 
0096. The buffer layer 2 is particularly important during 
hetero-epitaxial growth on the Substrate 1, a material selected 
from the group consisting of an InAlGaN-based material, 
InAlBGaN-based material, InGaN-based material, AlGaN 
based material, and GaN-based material, because the lattice 
constants of the epitaxially grown layer and Substrate 1 do not 
match. 
0097. In the process of epitaxially growing a layer on the 
buffer layer 2 by metal organic vapor phase epitaxy 
(MOVPE), it is favorable to use, as the buffer layer 2, an AIN 
layer grown at a low temperature of about 600° C. or a GaN 
layer grown at a low temperature of about 500° C. AlN. GaN. 
AlGaN, InAlGaN, or InAlBGaN grown at a high temperature 
of about 800° C. to 1,000° is also suitable as the buffer layer 
2. The thickness of a buffer layer like this is generally as small 
as about 5 to 40 nm. 
0098. The buffer layer 2 does not need to be a single layer. 
To further improve the crystallinity, a GaN layer about a few 
um thick grown at a temperature of about 1,000°C. without 
any doping may also be formed on a GaN buffer layer grown 
at a low temperature. In practice, a thick buffer layer like this 
is normally formed, and the thickness is, for example, about 
0.5 to 7 p.m. 
0099. The buffer layer 2 may also be formed by using ELO 
(Epitaxial Lateral Overgrowth) as a kind of so-called micro 
channel epitaxy. This makes it possible to largely reduce the 
density of threading dislocation occurring between a Sub 
strate such as Sapphire and an InAlGaN-based material. 
0100 When removing the substrate 1 from the mainstruc 
ture including an active layer structure 4 during the fabrica 
tion process, the surface of the buffer layer 2 exposed by the 
removal is the main light extracting Surface. For example, the 
Substrate 1 can be removed by photochemically decomposing 
a portion of the buffer layer 2 by using light having a wave 
length that is transmitted through the substrate 1 and absorbed 
by the buffer layer 2. For example, when the substrate 1 is 
made of sapphire and the buffer layer 2 is made of GaN, the 
Substrate 1 can be removed from the main structure including 
the active layer structure 4 by decomposing GaN into Ga and 
N by irradiating a 248-nm excimer laser beam to the buffer 
layer 2 through the substrate 1. 
0101. A first-conduction-type cladding layer 4 sand 
wiches the active layer structure 4 together with a second 
conduction-type cladding layer 5, thereby efficiently spatially 
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entrapping carriers and light, and achieving highly efficient 
light emission in the quantum well layer. For this purpose, a 
first-conduction-type cladding layer 3 is generally made of a 
material having a refractive index lower than the average 
refractive index of the active layer structure 4, and a bandgap 
larger than the average bandgap of the active layer structure 4. 
0102. In addition, the first-conduction-type cladding layer 
3 is preferably made of a material serving as a so-called, type 
I band lineup in the relationship with particularly a barrier 
layer 4b in the active layer structure 4. Based on these guide 
lines, the material of the first-conduction-type cladding layer 
3 can be appropriately selected in accordance with the sub 
strate 1, buffer layer 2, and active layer structure 4 selected to 
achieve a desired emission wavelength. 
0103) When using C+ planesapphire as the substrate 1 and 
GaN grown at a low temperature as the buffer layer 2, the 
first-conduction-type cladding layer 3 can be made of a GaN 
based material, AlGaN-based material, AlGanN-based 
material, or InAlBGaN-based material, or have a multilay 
ered structure containing all or some of these materials. 
0104. The lower limit of the carrier concentration in the 
first-conduction-type cladding layer 3 is preferably 1x10'7 
cm or more, more preferably 5x10'7 cm or more, and 
most preferably 5x10'7 cm or more. The upper limit of the 
carrier concentration in the first-conduction-type cladding 
layer 3 is preferably 1x10" cm or less, more preferably 
7x10" cm or less, and most preferably 5x10" cm or less. 
0105. When the first-conduction-type is an n-type, the 
dopant of the first-conduction-type cladding layer 3 is most 
favorably Si. The doping level described above is important to 
allow the whole light emitting device to emit light at a uni 
form luminance. 
0106. As shown in FIGS. 6A and 6B, the first-conduction 
type cladding layer 3 can be formed as a single layer or a 
stacked structure including two or more layers. In the latter 
case, for example, the first layer can be made of a GaN-based 
material, and the second layer can be made of a material 
selected from the group consisting of an A1GaN-based mate 
rial, InAlGaN-based material, and InAlBGaN-based mate 
rial. The first-conduction-type cladding layer 3 may also have 
a superlattice structure that is a stacked structure of different 
types of materials. Furthermore, the carrier concentration 
may also be changed in the first-conduction-type cladding 
layer 3. 
0107. When the first-conduction-type cladding layer 3 has 
a multilayered structure, it is desirable to reduce the contact 
resistance with respect to a first-conduction-type-side elec 
trode 7 by intentionally raising the carrier concentration in a 
layer in contact with the electrode 7. 
0108. The first-conduction-type cladding layer 3 has a 
protuberant portion (mesa portion).3m. The protuberant por 
tion 3m can be formed by, for example, forming a first 
conduction-type layer having an almost uniform thickness, 
and etching a portion Surrounding a region to be formed into 
the protuberant portion 3m. Sidewalls 3s of the protuberant 
portion 3m and a peripheral portion 3o Surrounding the pro 
tuberant portion 3m are preferably covered with an insulator 
8 Such as SiN, except for a first-carrier-injecting-region 7a. 
An opening formed in the insulator 8 defines the first-carrier 
injecting-region 7a where the first-conduction-type-side 
electrode 7 injects carriers into the first-conduction-type clad 
ding layer 3. 
0109 The active layer structure 4 is formed on the first 
conduction-type cladding layer3. The active layer structure 4 
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can include one or a plurality of quantum well layers 4w in 
which electrons and holes (or holes and electrons) injected 
from the first-conduction-type cladding layer 3 and second 
conduction-type cladding layer 5 recombine to emit light, and 
a plurality of barrier layers 4b. The barrier layers 4b are 
formed between the quantum well layers 4w, between the 
quantum well layer 4W and first-conduction-type cladding 
layer 3, and between the quantum well layer 4W and second 
conduction-type cladding layer 5. 
0110 Assuming W to be the number of the quantum well 
layers 4w and B to be the number of the barrier layers 4b in the 
active layer structure 4, W and B desirably satisfy equation 
(12) in order to increase the output and efficiency of the light 
emitting device. 

B=1 (12) 

0111. That is, the stacked structure of the cladding layers 
3 and 5 and active layer structure 4 is preferably made up of 
the first-conduction-type cladding layer 3/active layer struc 
ture 4/second-conduction-type cladding layer 5, and the 
active layer structure 4 is preferably made up of the barrier 
layer 4b/duantum well layer 4W/ . . . /quantum well layer 
4w/barrier layer 4b, such as the barrier layer 4b/quantum well 
layer 4w/barrier layer 4b or the barrier layer 4b/quantum well 
layer 4wbarrier layer 4b/quantum well layer 4w/barrier layer 
4b. FIG. 6C shows an example of the active layer structure 4 
having the structure as described above. In this example 
shown in FIG. 6C, the number of the quantum well layers 4w 
is five, and that of the barrier layers 4b is six. 
0112 To achieve the quantum size effect and increase the 
emission efficiency in the quantum well layer 4w, the layer 
thickness is decreased to be equivalent to the de Broglie 
wavelength. To increase the output, therefore, it is favorable 
not to use a single quantum well layer but to stack a plurality 
of quantum well layers. In this case, the barrier layers 4b 
space the quantum well layers 4w apart from each other while 
controlling bonding between them. The existence of the bar 
rier layers 4b is desirable in order to space the cladding layers 
3 and 5 apart from the quantum well layers 4 was well. 
0113 For example, when the first-conduction-type clad 
ding layer 3 and second-conduction-type cladding layer 5 
contain AlGaN and the quantum well layer 4w is made of 
InGaN, the barrier layer 4b made of GaN preferably exists 
between AlGaN and InGaN. The placement of the barrier 
layer 4b like this facilitates changing the temperature in the 
series of processes if the optimum temperature of crystal 
growth of the quantum well layer 4w differs from that of the 
cladding layers 3 and 5. Accordingly, the barrier layer 4b is 
favorable from the viewpoint of epitaxial growth control as 
well. 
0114. Also, when the first-conduction-type cladding layer 
3 and second-conduction-type cladding layer are made of 
InA1GaN having the widest bandgap and the quantum well 
layer 4w is made of InAlGaN having the narrowest bandgap. 
InA1GaN having an intermediate bandgap is preferably used 
as the barrier layer 4b. 
0115 Furthermore, the difference between the bandgap of 
the cladding layers 3 and 5 and that of the quantum well layer 
4w is generally larger than the bandgap difference between 
the barrier layer 4b and quantum well layer 4w. When the 
efficiency of the injection of carriers into the quantum well 
layer 4w is taken into consideration, therefore, the quantum 
well layer 4w is desirably not in direct contact with the clad 
ding layers 3 and 5. 
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0116. No intentional doping is preferably performed on 
the quantum well layer 4w. On the other hand, the overall 
resistance of the active layer structure is preferably decreased 
by performing doping on the barrier layer 4b. An n-type 
dopant, particularly, Si is favorably doped in the barrier layer 
4b. Since Mg useful as a p-type dopant easily diffuses in a 
device, it is important to Suppress the diffusion of Mg during 
a high-output operation. Si is effective to suppress the diffu 
sion of Mg. However, no doping is desirably performed in the 
interface between the quantum well layer 4w and barrier layer 
4b. 

0117 The sidewalls of the active layer structure 4 are 
preferably covered with the insulator 8. This is so because it 
is possible to prevent a shortcircuit caused by the adhesion of 
solder or the like to the sidewalls of the active layer structure 
4 when mounting the light emitting device by flip chip bond 
1ng. 

0118. The active layer structure 4 is formed between the 
first-conduction-type cladding layer 3 and second-conduc 
tion-type cladding layer 5. This makes it possible to spatially 
confine carriers and light in the active layer structure 4, 
thereby achieving high-efficiency light emission in the quan 
tum well layer 4w. 
0119 For this purpose, the second-conduction-type clad 
ding layer 5 is preferably made of a material having a refrac 
tive index lower than the average refractive index of the active 
layer structure 4, and a bandgap larger than the average band 
gap of the active layer structure 4. In addition, the second 
conduction-type cladding layer 5 is preferably made of a 
material serving as a so-called, type I band lineup in the 
relationship with particularly the barrier layer 4b in the active 
layer structure 4. Based on these guidelines, the material of 
the second-conduction-type cladding layer 5 can be appro 
priately selected in accordance with the substrate 1, buffer 
layer 2, and active layer structure 4 selected to achieve a 
desired emission wavelength. 
I0120 For example, when using C+plane sapphire as the 
substrate 1 and GaN as the buffer layer 2, the second-conduc 
tion-type cladding layer 5 can be made of a GaN-based mate 
rial, AlGaN-based material, AlGanN-based material, or 
AlGaBInN-based material, or have a multilayered structure 
including all or some of these materials. The first-conduction 
type cladding layer 3 and second-conduction-type cladding 
layer 5 may also be made of the same material. 
0.121. The lower limit of the carrier concentration in the 
second-conduction-type cladding layer 5 is preferably 
1x10'7cm or more, more preferably 5x10'7 cm or more, 
and most preferably 5x10'7 cm or more. The upper limit of 
the carrier concentration in the second-conduction-type clad 
ding layer 5 is preferably 7x10" cm or less, and most 
preferably 2x10" cm or less. When the second-conduction 
type is a p-type, the dopant is most favorably Mg. These 
doping levels are important because they are elements for 
determining the series resistance that is important to allow the 
whole light emitting device to emit light at a uniform inten 
S1ty. 
0.122 The second-conduction-type cladding layer 5 can be 
formed as a single layer or a stacked structure including two 
or more layers. In this case, it is possible to use, for example, 
a GaN-based material and AlGaN-based material. The sec 
ond-conduction-type cladding layer 5 may also have a Super 
lattice structure that is a stacked structure of different types of 
materials. Furthermore, the carrier concentration may also be 
changed in the second-conduction-type cladding layer 5. 
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0123. When the n-type dopant is Si and the p-type dopant 
is Mg in a GaN-based material, the crystallinities of p-type 
GaN. p-type AlGaN, and p-type AlInGaN are generally infe 
rior to those of n-type GaN., n-type A1GaN, and n-type AlIn 
GaN, respectively. When forming the device, therefore, the 
p-type cladding layer inferior in crystallinity is desirably 
formed after the crystal of the active layer structure 4 is 
grown. From this point of view, the first-conduction-type is 
preferably an n-type, and the second-conduction-type is pref 
erably a p-type. 
0.124 When mounting the light emitting device by flip 
chip mounting, the thickness of the p-type cladding layer 
(corresponding to the second-conduction-type cladding layer 
5 of the preferred embodiment) inferior in crystallinity can be 
Smaller than that when mounting the light emitting device by 
face-up mounting. In flip chip mounting, the side of the first 
conduction-type cladding layer 3 is the main light extracting 
direction, and the extraction of light from the side of the 
second-conduction-type-side electrode 6 need not be taken 
into consideration, so the second-conduction-type-side elec 
trode 6 having a large area and large thickness can be formed. 
When using flip chip mounting, therefore, it is unnecessary to 
expect lateral carrier diffusion in the second-conduction-type 
cladding layer 5, unlike when using face-up mounting. How 
ever, the carrier injection efficiency decreases if the second 
conduction-type cladding layer 5 is extremely thinned. 
Accordingly, the thickness of the second-conduction-type 
cladding layer is, for example, preferably 0.02 to 0.3 um, 
more preferably 0.03 to 0.15um, and most preferably 0.04 to 
0.1 um. 
0.125. When the second-conduction-type cladding layer 5 
has a multilayered structure, the contact resistance with 
respect to the second-conduction-type-side electrode 6 is 
preferably decreased by intentionally raising the carrier con 
centration in a layer in contact with the electrode 6. 
0126 The second-conduction-type cladding layer 5 is 
desirably covered with the insulator 8 except for a portion 
where the second-conduction-type-side electrode 6 is 
formed. When the insulator 8 is formed after the second 
conduction-type-side electrode 6 is formed on the second 
conduction-type cladding layer 5, the section of the second 
conduction-type-side electrode 6 matches a second-carrier 
injecting-region 6a. 
0127. The process of forming the structure shown in FIGS. 
6A, 6B, and 6C includes steps of forming epitaxial layers on 
the substrate 1. The epitaxial layers can include the buffer 
layer 2, the first-conduction-type cladding layer 3, the active 
layer structure 4 including the stacked structure of the quan 
tum well layers 4w and barrier layers 4b, and the second 
conduction-type cladding layer 5. Note that the epitaxial lay 
ers may also include another layer. 
0128. The epitaxial layers are preferably formed by 
MOCVD. However, the epitaxial layers may also be formed 
by MBE, PLD, or sputtering. It is also possible to form an 
epitaxial layer having a multilayered structure by using at 
least two of various methods such as MOCVD, MBE, PLD, 
and sputtering. The arrangement of the epitaxial layers can 
appropriately be changed in accordance with, for example, 
the application of the light emitting device. 
0129. When the second-conduction-type cladding layer 5 

is a p-type compound semiconductor layer (e.g., a p-type 
GaN layer), the second-conduction-type-side electrode 6 is 
preferably formed after the formation (including annealing 
and the like after the second-conduction-type cladding layer 
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5 is grown) of the second-conduction-type cladding layer 5, 
and before the formation of the insulator 8 and first-conduc 
tion-type-side electrode 7. 
0.130 For example, the activation ratio of a GaN-based 
material doped to have a p-type is lower than that of a GaN 
based material doped to have an n-type. When using a p-type 
compound semiconductor layer, for example, a p-type GaN 
based semiconductor layer as the second-conduction-type 
cladding layer 5, the hole concentration in the p-type GaN 
based cladding layer can decrease owing to the process dam 
age if the layer is exposed to various processes. For example, 
if the step of forming the insulator 8 is performed using 
p-CVD before the formation of the second-conduction-type 
side electrode 6, the surface of the second-conduction-type 
cladding layer 6 Suffers the plasma damage. 
I0131. After the second-conduction-type cladding layer 5 
is formed, therefore, the second-conduction-type-side elec 
trode 6 is preferably formed before other processes. The other 
processes herein mentioned can include, for example, the step 
of forming the protuberant portion 3m by etching a portion of 
the second-conduction-type cladding layer 5, a portion of the 
active layer structure 4, and a portion of the first-conduction 
type cladding layer 3, the step of forming, in the insulator 8. 
an opening that defines the first-carrier-injecting-region (con 
tact region) 7a, and the step of forming the first-conduction 
type-side electrode V. 
0.132. When the second-conduction-type cladding layer 5 

is a p-type, the Surface of the second-conduction-type-side 
electrode can be made of Au. When the surface of the second 
conduction-type-side electrode 5 is made of a relatively stable 
metal Such as Au, the process damage applied to the Surface 
by the later process is Small. Judging from this point of views, 
the second-conduction-type cladding layer 5 is formed, then, 
the process of forming the second-conduction-type-side elec 
trode 6 is preferably performed before other processes as 
much as possible. 
I0133. Note that when forming another layer, for example, 
a second-conduction-type contact layer on the second-con 
duction-type cladding layer 5 and forming the second-con 
duction-type-side electrode 6 on this second-conduction-type 
contact layer, a layer that undergoes the process damage is the 
second-conduction-type contact layer. In short, the process of 
forming the second-conduction-type-side electrode 6 on the 
uppermost surface layer of the epitaxial layers is desirably 
performed before other processes as much as possible. 
I0134. The second-conduction-type-side electrode 6 
should provide a good ohmic contact with a second-conduc 
tion-type nitride compound semiconductor, and, when per 
forming flip chip mounting, should function as a reflecting 
mirror in the emission wavelength band and provide good 
adhesion to, for example, a Submount Such as a soldering 
material or a device Supporting Substrate. The material and 
structure of the second-conduction-type-side electrode 5 can 
be determined from these points of view. Although the sec 
ond-conduction-type-side electrode 5 can be made up of a 
single layer or a plurality of layers, it is typically made up of 
a plurality of layers in order to provide a plurality of functions 
as described above. 
0.135 When the second-conduction-type is a p-type and 
one of the two Surfaces of the second-conduction-type clad 
ding layer 5, which faces the second-conduction-type-side 
electrode 6, is made of GaN, the second-conduction-type 
side electrode 6 is preferably made of a material selected from 
the group consisting of Ni, Pt, Pd, Mo, and Au. In particular, 
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the first layer (in contact with the second-conduction-type 
cladding layer 5) of the second-conduction-type-side elec 
trode 6 is favorably an Nilayer, and the final layer (farthest 
from the second-conduction-type cladding layer 5) of the 
second-conduction-type-side electrode 6 is favorably an Au 
layer. Ni has an absolute value of large work function and is 
Suited to a junction with a p-type material, and Au has a high 
resistance to the process history and is suitable for mounting. 
0136. The second-conduction-type-side electrode 6 can 
beformed by using various film formation techniques such as 
sputtering and vacuum evaporation. Also, as a technique for 
forming the electrode 6 having a desired shape, it is possible 
to apply, for example, lift-off using photolithography or 
place-selective vapor deposition using a metal mask or the 
like. 
0.137 After the second-conduction-type-side electrode 6 

is formed, the peripheral portion 3o of the region where the 
protuberant portion 3m is to be formed is etched so as to form 
the protuberant portion 3m on the first-conduction-type clad 
ding layer 3. In this step, the peripheral portions 3o of the 
second-conduction-type cladding layer 5, active layer struc 
ture 4, and first-conduction-type cladding layer are succes 
sively etched. If a second-conduction-type contact layer is 
formed on the second-conduction-type cladding layer 5, this 
contact layer is also etched. 
0.138. The method of etching is preferably dry etching 
which is employing, for example, Cl, SiCl, or BC1 as an 
etching gas after an etching mask is formed using SiN. or the 
like. 
0.139. The second-conduction-type-side electrode 6 is 
applied the fabrication hysterisis of an SiN. mask deposited 
by p-CVD or the like, and is applied a step of removing the 
SiN. mask performed after the etching step. When the surface 
of the second-conduction-type-side electrode 6 is made of a 
stable metal Such as Au, however, the process damage applied 
to the second-conduction-type-side electrode is Small. 
0140. Following the above-mentioned etching step, it is 
also possible to perform, for example, an additional etching 
step (second etching step) of forming element-separation 
trenches in the substrate 1. 
0141. After the peripheral portion (recessed portion)3O of 
the first-conduction-type cladding layer 3 is etched, the insu 
lator 8 is formed on the entire surface of the structure on the 
substrate 1. When the light emitting device is mounted on a 
Support by flip chip mounting, the insulator 8 prevents a 
soldering material or conductive paste material for mounting 
from shortcircuiting, for example, the first-conduction-type 
side electrode 7 and second-conduction-type-side electrode 
6, or the active layer structure 4 and electrode 7 or 6. 
0142. Although the material or structure of the insulator 8 

is not particularly limited, the insulator 8 is preferably made 
of a single-layered oxide, nitride, or fluoride. More specifi 
cally, the insulator 8 is preferably made of a material selected 
from the group consisting of SiO, AlO, TiO, TaC., Hf), 
ZrO, SiN. AlN, AlF. BaF. CaF, SrF, and MgF. The 
insulator 8 made of any of these materials stably provides 
insulating properties for long-term periods. 
0143. On the other hand, it is also possible to adopt the 
insulator 8 having a multilayered structure. In this case, the 
function of a so-called, high-reflection coating having an 
optically relatively high reflectivity to light generated in the 
light emitting device can also be provided by appropriately 
adjusting the refractive indices of a plurality of insulators 
(dielectric materials) forming the insulator 8. For example, 
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when the center emission wavelength of the light emitting 
device is w, a high reflectivity can be obtained by stacking 
SiO, and TiO, such that the optical thickness of each layer is 
W4n (where n is the refractive index of each material at the 
wavelength w). 
0144. This makes it possible to raise the efficiency of the 
extraction of light in the main extracting direction when 
mounting the light emitting device on a Support by flip chip 
bonding. Accordingly, it is possible to increase the output and 
efficiency of the device and prevent, for example, an unex 
pected shortcircuit caused by a soldering material or the like 
at the same time. More specifically, assuming R1 to be the 
reflectivity of the insulator 8 and R2 to be the reflectivity of 
the buffer layer 2 at the emission wavelength of the light 
emitting device, R1 and R2 favorably satisfy R2-R1. This is 
the condition for allowing the insulator 8 having a multilay 
ered structure to efficiently function as an optical reflecting 
mirror. 
0145 Layers forming the insulator 8 having a multilay 
ered structure preferably contain a material selected from the 
group consisting of SiO, SiN., o, and MgF2 from the 
viewpoints of the material stability and the refractive index 
range. 
0146 Following the step of forming the insulator 8, an 
opening is preferably formed in the insulator 8 so as to expose 
a portion of the second-conduction-type-side electrode 6. In 
this step, it is favorable to simultaneously remove the insula 
tor 8 so as to expose the carrier-injecting-region 7a of the 
first-conduction-type cladding layer 3. When formed by this 
process, the shape of the second-carrier-injecting-region 6a 
becomes equal to the sectional shape of the second-conduc 
tion-type-side electrode 6. In addition, the shape of the first 
carrier-injecting-region 7a is defined by the opening formed 
in the insulator 8 to bring the first-conduction-type-side elec 
trode 7 and first-conduction-type cladding layer 3 into contact 
with each other. However, the shapes of the first-conduction 
type-side electrode 7 and first-carrier-injecting-region 7a are 
desirably similar to each other. 
0147 The insulator 8 on the second-conduction-type-side 
electrode 6 is preferably removed such that the peripheral 
portion of the second-conduction-type-side electrode 6 is 
kept covered with the insulator 8. That is, the surface area of 
the exposed portion of the second-conduction-type-side elec 
trode 6 is preferably smaller than the area of the second 
carrier-injecting-region 6a. In this case, it is possible to effec 
tively prevent an unexpected shortcircuit, for example, a 
shortcircuit between the first-conduction-type-side electrode 
7 and second-conduction-type-side electrode 6, or a shortcir 
cuit between light emitting elements, caused by a soldering 
material or the like used when mounting the light emitting 
device by flip chip mounting and integrating it with a Sub 
mount, device Supporting Substrate, or the like. 
0.148. The second-conduction-type-side electrode 6 pref 
erably contains, as a constituent element, at least one material 
selected from the group consisting of Ni, Pt, Pd, Mo, and Au. 
In particular, the surface in contact with the insulator 8 is 
desirably made of Au. In this case, the second-conduction 
type-side electrode 6 suffers the process damage little in the 
step of removing the insulator 8. Accordingly, the step of 
forming the second-conduction-type-side electrode 6 is pref 
erably performed before the step of forming the insulator 8. 
0149 Furthermore, it is preferable to form the exposed 
portion of the second-conduction-type-side electrode 6. 
remove the insulator 8 to expose the first-carrier-injecting 
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region 7a, or, when forming element-separation-trenches for 
dividing the light emitting device, form the element-separa 
tion-trenches in the insulator 8 at the same time. 
0150. When partially removing the insulator 8, it is pos 
sible to select various etching methods such as dry etching 
and wet etching, etching gases, and etchant in accordance 
with the material of the insulator 8. When the insulator 8 is a 
single SiN layer, for example, it is possible to perform dry 
etching using an etching gas such as SF or wet etching using 
a hydrofluoric acid-based etchant. When the insulator 8 has a 
multilayered structure made of SiO, and TiO, the multilay 
ered film in a desired portion can be removed by Ar ion 
milling. 
0151. The state shown in FIGS.6A and 6B is completed by 
forming the first-conduction-type-side electrode 7 after the 
opening for defining the first-carrier-injecting-region 7a is 
formed in the insulator 8. The first-conduction-type-side elec 
trode 7 is desirably made of a material that provides a good 
ohmic contact with a first-conduction-type nitride compound 
semiconductor. Also, the first-conduction-type-side electrode 
7 is preferably made of a material that functions as a reflecting 
mirror in a favorable emission wavelength band when using 
flip chip mounting, and provides good adhesion to, for 
example, a Submount made of a soldering material or the like, 
or to a device Supporting Substrate. The first-conduction 
type-side electrode 7 can be made up of a single layer or a 
plurality of layers. Typically, the first-conduction-type-side 
electrode 7 can be made up of a plurality of layers in order to 
achieve a plurality of purposes required of the electrode. 
0152. When the first-conduction-type is an n-type, the 
first-conduction-type-side electrode 7 in contact with it pref 
erably contains, as a constituent element, at least one material 
selected from the group consisting of Ti, Al, and Mo. Each of 
these metals has a small absolute value of work function, and 
hence is suitable for a junction with an n-type material. When 
the first-conduction-type-side electrode 7 is made up of a 
plurality of layers, the final layer (farthest from the first 
conduction-type cladding layer3) is favorably made of Al. 
0153. The first-conduction-type-side electrode 7 prefer 
ably has an area larger than the size of the first-carrier-inject 
ing-region 7a. This makes it possible to prevent the misalign 
ment of the first-conduction-type-side electrode 7 with 
respect to the opening formed in the insulator 8 in order to 
define the carrier-injecting-region 7a, and improve the prop 
erties of heat radiation (the heat transfer amount) from the 
first-conduction-type-side electrode 7 to a submount when 
performing flip chip mounting. Also, the first-conduction 
type-side electrode 7 is desirably formed so as not to spatially 
overlap the second-conduction-type-side electrode 6. This 
makes it possible to reduce the possibility of a shortcircuit 
caused between the first-conduction-type-side electrode 7 
and second-conduction-type-side electrode 6 by a soldering 
material or the like when performing flip chip mounting. 
0154 The first-conduction-type-side electrode 7 can be 
formed by using various film formation techniques such as 
sputtering and vacuum evaporation. Also, as a technique for 
forming the electrode 7 having a desired shape, it is possible 
to apply, for example, lift-off using photolithography or 
place-selective vapor deposition using a metal mask or the 
like. 
0155 The first-conduction-type-side electrode 7 can form 
the first-carrier-injecting-region 7a in contact with the first 
conduction-type cladding layer3. However, the first-conduc 
tion-type-side electrode 7 may also inject carriers into the 
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first-conduction-type cladding layer 3 via a first-conduction 
type contact layer. In short, the first-conduction-type-side 
electrode 7 only need to be formed to be able to inject carriers 
into the first-conduction-type cladding layer 3. 
0156 The electrode shapes and the like of the light emit 
ting devices and devices of the preferred embodiments of the 
present invention will be explained below with reference to 
FIGS. 1 to 6A and 6B. First, one embodiment will be 
explained with reference to FIGS. 1, 6A, and 6B. 
0157. The light emitting device of the preferred embodi 
ment of the present invention has a first-conduction-type-side 
electrode 7 and second-conduction-type-side electrode 6. 
The second-conduction-type-side electrode 6 has a main 
electrode portion 6-0, first-extracting-portion 6-1, and sec 
ond-extracting-portion 6-2. The main-electrode-portion 6-0 
is a region partially surrounded by the first-conduction-type 
side electrode 7. The first-extracting-portion 6-1 is a region 
for extracting the main-electrode-portion 6-0 outside the 
first-conduction-type-side electrode 7. The second-extract 
ing-portion 6-2 is a region formed along a part of the outer 
edge of the first-conduction-type-side electrode 7. When 
arranging a plurality of main-electrode-portions 6-0, the sec 
ond-extracting-portions 6-2 can function to connect the main 
electrode-portions 6-0. 
0158. The first-conduction-type-side electrode 7 sur 
rounds the main-electrode-portion 6-0 of the second-conduc 
tion-type-side electrode 6, and has an opening (cut portion) 
7p as a portion not surrounding the main-electrode-portion 
6-0. The first-conduction-type-side electrode 7 can include a 
straight portion having an outer edge formed by Straight lines, 
and can have the opening 7p in an almost central portion of 
this straight portion. 
0159. The first-extracting-portion 6-1 of the second-con 
duction-type-side electrode 6 extracts the main-electrode 
portion 6-0 outside the first-conduction-type-side electrode 7 
through the opening 7p of the first-conduction-type-side elec 
trode 7, and further extracts the main-electrode-portion 6-0 to 
the second-extracting-portion 6-2 formed outside the first 
conduction-type-side electrode 7. The second-extracting 
portion 6-2 can also function as a power Supply line. 
0160 The main-electrode-portion 6-0 can have the shape 
of a curve of constant width or a constant-width figure such as 
a circle except for a portion deformed by the existence of the 
first-extracting-portion 6-1. The outer edge of the main-elec 
trode-portion 6-0 and the inner edge of a first-carrier-inject 
ing-region 7a of the first-conduction-type-side electrode 7 
surrounding the main-electrode-portion 6-0 desirably have a 
predetermined width. That is, the inner edge of the first 
carrier-injecting-region 7a Surrounding the portion of curve 
of constant width (constant-width figure) of the main-elec 
trode-portion 6-0 is also preferably a similar curve of constant 
width (constant-width figure) having the same center as that 
of the curve of constant width (constant-width figure) portion 
of the main-electrode-portion 6-0. 
0.161 The reason why the main-electrode-portion 6-0 and 
first-conduction-type-side electrode 7 are similar curve of 
constant width (constant-width figures) having the same cen 
ter will be explained in detail below. 
0162 Assume that the first-conduction-type is an n-type 
and the second-conduction-type is a p-type. The light emit 
ting device of the preferred embodiment of the present inven 
tion can principally be made of a III-V compound semicon 
ductor containing a nitrogen (N) atom as a group-V element. 
When a compound semiconductor light emitting device is 
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fabricated by using, for example, a GaN-based, AlN-based, 
InN-based, InGaN-based, AlGaN-based, InAlN-based, InAl 
GaN-based, or InAlBGaN-based material, light emission 
from a region near the electrode of a p-type semiconductor 
layer is stronger than that from a region near the electrode of 
an n-type semiconductor layer. In this case, ifa carrier-inject 
ing-region (the electrode) exceeds a certain size with respect 
to the p-type semiconductor layer, the intensity of emission 
from the region near the electrode of the p-type semiconduc 
tor becomes non-uniform. 

0163. By contrast, when the shape of the carrier-injecting 
region for injecting carriers into the p-type semiconductor 
layer is a curve of constant width (constant-width figure) Such 
as a circle or Reuleaux polygon, the decrease in in-plane 
un-uniformity of the emission intensity. Particularly, the 
decrease in emission intensity in the central portion and its 
vicinity of the carrier-injecting-region is Suppressed even if 
the size of the carrier-injecting-region or electrode shape is 
increased, compared to the case where the shape of the car 
rier-injecting-region is a non-constant-width figure Such as a 
triangle, quadrangle, pentagon, or another polygon. 
0164. When the inner edge of the region for injecting 
carriers into the n-type semiconductor layer is formed to have 
a predetermined width x with respect to the outer edge of the 
region for injecting carriers into the p-type semiconductor 
layer, it is possible to uniformly emit light from the vicinity of 
the electrode of the p-type semiconductor layer even if the 
size of the region for injecting carriers into the p-type semi 
conductor layer is increased. 
0.165. In other words, in a device structure having a rela 

tively large figures of curve of non-constant width (non 
constant-width figure) as the shape of a p-type-side electrode 
or carrier-injecting-region, light emission from the vicinity, 
particularly, the center of the p-type semiconductor electrode 
is weak. By contrast, when the shape of the p-type-side car 
rier-injecting-region for injecting carriers into the p-type 
semiconductor layer is a curve of constant width (constant 
width figure) Such as a circle or Reuleaux polygon, and when 
the inner edge of the region for injecting carriers into the 
n-type semiconductor layer is formed to have an appropriate 
predetermined width x with respect to the outer edge of the 
region for injecting carriers into the p-type semiconductor 
layer, light emission from the vicinity, particularly, the center 
of the electrode of the p-type semiconductor layer is not 
weakened, so it is possible to uniformly emit light from the 
vicinity of the electrode of the p-type semiconductor layer. 
0166 Referring to FIGS. 1, 6A, and 6B, the main-elec 
trode-portion 6-0 for injecting carriers into a p-type cladding 
layer 5 can have the shape of a curve of constant width (a 
constant-width figure) except for the portion deformed by the 
existence of the first-extracting-portion 6-1 as described pre 
viously. Also, the first-conduction-type-side electrode 7 (car 
rier-injecting-region 7a) can be formed in an n-type cladding 
layer 3 so as to surround the outer edge of the main-electrode 
portion 6-0 with a predetermined width between them. In this 
arrangement, the width of a region extending between the 
inner edges of the first-conduction-type-side electrode (car 
rier-injecting-region 7a) via the center of the second-conduc 
tion-type-side electrode 6 (the center of the constant-width 
figure) can be held constant. This makes it possible to make 
uniform the injection of carriers into an active layer structure 
4, and improve the in-plane uniformity of the emission inten 
sity near the second-conduction-type-side electrode. 
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0.167 As described earlier, giving curve of constant width 
or constant-width figures to the shapes of the outer edge of the 
main-electrode-portion 6-0 and the inner edge of the carrier 
injecting-region 7a helps improve the in-plane uniformity of 
the emission intensity in each individual light emitting por 
tion. On the other hand, the first-extracting-portion 6-1 is 
formed to extract the main-electrode-portion 6-0 (carrier 
injecting-region 6a) outside the first-conduction-type-side 
electrode 7 through the opening 7p of the first-conduction 
type-side electrode 7. In an arrangement in which the light 
emitting device is mounted on a Submount (heat sink block) 
by flip chip mounting, therefore, those leads of the submount 
which approach the main-electrode 6-0 need not intersect the 
first-conduction-type-side electrode 7. This allows a pair of 
leads (positive and negative leads) formed on the Submount to 
approach the main-electrode 6-0 (second-conduction-type 
side electrode 6) and first-conduction-type-side electrode 7 
by two-dimensional connection instead of three-dimensional 
connection. This arrangement can increase the sectional area 
of the connection formed by a metal material (typically, metal 
solder) from the electrodes 6 and 7 to the leads. This makes it 
possible to raise the efficiency of heat radiation from the light 
emitting device to the Submount, and facilitates increasing the 
output. 
(0168. It is confirmed that when a width W of the curve of 
constant width or the constant-width figure portion of the 
main-electrode-portion 6-0 (carrier-injecting-region 6a) is 
2,500 umor less, it is possible to uniformly emit light from the 
entire surface of the region near the p-type-side electrode 6 of 
the active layer structure 4. To improve the in-plane unifor 
mity of the emission intensity, it is necessary to relatively 
minimize the deviation (deformation) of the main-electrode 
portion 6-0 or first-conduction-type-side electrode 7 (carrier 
injecting-region 7a) from the strict curve of constant width or 
constant-width figure caused by the formation of the extract 
ing portion 6-1. When this is taken into consideration, to 
reduce the deviation of the strictness of the constant-width 
figure by the extracting-portion 6-1, the width W of the main 
electrode-portion 6-0 (carrier-injecting-region 6a) is prefer 
ably relatively equal to or larger than a certain value, and more 
preferably 400 um or more. Accordingly, when the main 
electrode portion 6-0 (carrier-injecting-region 6a) is formed 
to have a curve of constant width, the width W of this con 
stant-width figure portion desirably satisfies 

400 meWs 2500 m (13) 

(0169 More desirably, the width W of the constant-width 
figure portion satisfies 

700 lims. We 2000 m (14) 

0170 The interval x between the outer edge of the main 
electrode-portion 6-0 (carrier-injecting-region 6a) and the 
inner edge of the first-conduction-type-side electrode 7 (car 
rier-injecting-region 7a) is preferably determined to satisfy 
equation (15), more preferably determined to satisfy equation 
(16), and, typically, can be determined to satisfy equation 
(17). 

3 mexis500 m (15) 

10 imsxs300 m (16) 

30 Imsxs 100 m (17) 

0171 From the viewpoint of the in-plane uniformity of the 
emission intensity, the constant-width figure portion forming 
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the main-electrode-portion 6-0 (carrier-injecting-region 6a) 
is preferably a circle as exemplarily shown in FIG. 1, 2, or 3. 
This is so because carriers are readily evenly injected from the 
periphery to the center. 
0172. The constant-width figure portion forming the 
main-electrode-portion 6-0 (carrier-injecting-region 6a) may 
also be a Reuleaux polygon as exemplarily shown in FIG. 4 or 
5. Note that although FIGS. 4 and 5 illustrate the electrode 
shapes, the carrier-injecting-region conforms to these. The 
width of the region extending between the inner edges of the 
first-conduction-type-side electrode 7 (carrier-injecting-re 
gion 7a) via the center of the second-conduction-type-side 
electrode 6 (the center of the constant-width figure or the 
curve of constant width) can be held constant in this case as 
well. Accordingly, carriers are readily evenly injected from 
the periphery to the center of the active layer structure 4. This 
favorably contributes to uniform light emission from the light 
emitting portion. 
0173 The use of a Reuleaux polygon as the curve of 
constant width or the constant-width figure is more advanta 
geous than the use of a circle in densely arranging a plurality 
of p-type-side electrodes including constant-width figure por 
tions. That is, Reuleaux polygons can be arranged more 
densely than circles. This means the increase in area of the 
light emitting portions in the overall area of the light emitting 
device. Of Reuleaux polygons, a Reuleaux triangle as exem 
plarily shown in FIG. 4 is particularly advantageous in inte 
gration. When the light emitting device is formed by arrang 
ing a plurality of light emitting portions by using the main 
electrode-portion 6-0 (carrier-injecting-region 6a) and first 
conduction-type-side electrode 7 (carrier-injecting-region 
7a) each having the shape of a Reuleaux triangle, it is possible 
to increase the in-plane uniformity of the emission intensity 
in each individual light emitting portion. In addition, the 
high-density arrangement of the light emitting portions can 
increase the in-plane uniformity of the emission intensity 
even in the whole of a relatively large light emitting device. 
0.174. The shape explained as “a curve of constant width or 
a constant-width figure' in this specification is not limited to 
a strict curve of constant width or a strict constant-width 
figure, and can include a shape whose width has a deviation 
(allowance) of about +10% from a reference value. Also, the 
existence of the extracting-portion 6-1 naturally affects or 
deforms a portion of the constant-width figure of the main 
electrode-portion 6-0. Therefore, “a curve of constant width 
or a constant-width figure’ mentioned in this specification 
can include a shape obtained by partially cutting a strict 
constant-width figure or a constant-width figure having the 
allowance as described above. 
0.175. A width L of the first-extracting-portion 6-1 pref 
erably does not exceed the width W of the curve of constant 
width or the constant-width figure. If the width L of the 
extracting-portion 6-1 is too small, the electrode resistance 
increases, so L is favorably 5% or more of the width W of the 
curve of constant width or the constant-width figure. Accord 
ingly, the second-conduction-type-side electrode 6 for inject 
ing carriers into the p-type cladding layer 5 preferably satis 
fies equation (18), and more preferably satisfies equation 
(19). 

W/20sLs W (18) 

W/5sLs W/2 (19) 

0176 The constant-width portion shown in FIG. 3 is a 
circle (semicircle). FIG.3 exemplarily shows a favorable case 
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of the limit of destruction of the constant-width figure by the 
connection with the extracting-portion. Note that L is an 
amount concerning the injection of carriers, and an amount to 
be defined by the width of the carrier-injecting-region. 
0177 Assuming L to be the outer edge length of that 
portion of the carrier-injecting-portion 6a of the second-con 
duction-type-side electrode 6, which is surrounded by the 
carrier-injecting-region 7a on the outside, and assuming L to 
be the outer edge length of that portion of the carrier-inject 
ing-portion 6a of the second-conduction-type-side electrode 
6, which is formed by the constant-width figure, equation (20) 
below is preferably met in order to prevent the existence of the 
extracting-portion 6-1 from excessively deforming the main 
electrode-portion 6-0. Note that L. and L are also amounts 
pertaining to the injection of carriers, and amounts to be 
defined by the lengths in the carrier-injecting-region. 

0.178 The extracting-portion can have any arbitrary shape. 
However, the extracting-portion desirably has a rectangular 
portion as shown in FIG. 2, 4, or 5 in order to improve the 
junction with a Submount or device Supporting Substrate, or to 
increase the degrees of integration of the electrode shapes and 
carrier-injecting-regions. As exemplarily shown in FIG.3, the 
extracting-portion may also have a portion that narrows 
toward the constant-width figure portion side of the second 
conduction-type-side electrode 7 (carrier-injecting-region 
7a). This makes it possible to prevent the excess increase in 
connecting resistance and reduce the non-uniformity of car 
rier injection by the extracting portion at the same time. The 
wide portion is also advantageous for the junction with 
another electrode, a Submount, or a device Supporting Sub 
Strate. 

0179. In a plan view in which the device shape is viewed in 
a direction opposite to the main light extracting direction, the 
side surfaces of the active layer structure 4 are preferably 
positioned between the first-conduction-type-side electrode 7 
(carrier-injecting-region 7a) and second-conduction-type 
side electrode 6 (carrier-injecting-region 6a). In a plan view, 
the side surfaces of the active layer structure 4 are particularly 
favorably positioned between the entire p-type-side carrier 
injecting-region 6a and entire n-type-side carrier-injecting 
region 7a in the curve of constant width or the constant-width 
figure portion. In this case, the carrier injection efficiency 
increases, and this increases the emission efficiency. 
0180 Light emitting devices of preferred embodiments of 
the present invention in which a plurality of electrodes each 
including a constant-width figure potion are arranged will be 
explained below with reference to FIGS. 7A, 7B, 8, 9A, and 
9B. FIGS. 7A, 7B, 8,9A, and 9B illustrate examples in which 
the shape of the electrode matches that of the carrier-inject 
ing-region. However, the carrier-injecting-region may also be 
defined by an insulator as described previously. The explana 
tion will be made by assuming that the first-conduction-type 
is an n-type and the second-conduction-type is a p-type. 
0181. A second-conduction-type-side electrode 6 for 
injecting carriers into ap-type cladding layer includes a main 
electrode-portion (part of curve of constant width or constant 
width figure portion) and extracting-portion. The main-elec 
trode-portion contributes to uniform light emission in each 
individual light emitting portion. The extracting-portion con 
nects the main-electrode-portions of a plurality of light emit 
ting portions. 
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0182. In the example shown in FIG. 7A, the electrode 6 
has a circular main-electrode-portion. In the example shown 
in FIG. 7B, the electrode 6 has a main-electrode-portion 
having the shape of a Reuleaux triangle. The electrodes 6 
having the shape of a Reuleaux triangle are Superior in respect 
of integration and can be arranged at a high-density. 
0183 FIG. 8 is a view showing an example of a light 
emitting device including electrodes having the shapes of a 
plurality of types of curve of constant width or constant-width 
figures. A light emitting device obtained by integrating a 
plurality of light emitting devices may include a plurality of 
types of shapes as the shapes of the electrodes of the light 
emitting devices. Note that in this case, the shape of the 
extracting-portion preferably compensates for the difference 
between the resistances of electrodes having different shapes. 
0184 FIGS. 9A and 9B are exemplary sectional views 
taken along lines aa' and bb', respectively, in FIG. 7. 
0185. Note that the explanation has been made by assum 
ing that the first-conduction-type is an n-type and the second 
conduction-type is a p-type, but the conduction types may 
also be switched. 

0186. After any of the structures shown in FIGS. 1 to 9B is 
formed as described above, scribing is performed for every 
predetermined number (one or a plurality of) light emitting 
portions, if no Substrate removal is scheduled. In this case, 
diamond scribing, laser scribing, or the like can be performed. 
0187. When scribing (scratching) is complete, the sub 
strate is divided in a breaking step. Each divided substrate can 
be mounted on a submount or device support substrate by 
using a soldering material or the like. 
0188 The submount or device-supporting-plate prefer 
ably has a metal Surface, and has both functions of injecting 
carriers into the light emitting device mounted by flip chip 
mounting and radiating heat from it. The light emitting device 
can be attached on the metal Surface of the Submount by using 
any of various soldering materials or paste materials. How 
ever, a compound semiconductor light emitting device is 
particularly preferably mounted by using metal solder. Metal 
solder is Superior in heat radiation properties, and hence 
contributes to the high-output operation and high-efficiency 
light emission of the light emitting device. Also, the sidewalls 
of other epitaxial layers are desirably protected by an insula 
tor except for undoped portions. In this case, it is possible to 
prevent shortcircuits in the epitaxial layers, such as shortcir 
cuits on the active layer structure sidewalls and shortcircuits 
between light emitting units, even if, for example, the Solder 
OOZeS Out. 

0189 Note that in the light emitting device of the present 
invention as described above, the second-conduction-type 
side electrode for injecting carriers into the second-conduc 
tion-type cladding layer and the first-conduction-type-side 
electrode for injecting carriers into the first-conduction-type 
cladding layer preferably do not spatially overlap each other, 
and the first-conduction-type-side electrode preferably has a 
Sufficient area larger than that of the first-carrier-injecting 
region. This makes it possible to prevent unexpected short 
circuits and ensure good heat radiation properties at the same 
time. Also, the sidewalls of other epitaxial layers are desirably 
protected by an insulator. In this case, it is possible to prevent 
shortcircuits in the epitaxial layers, such as shortcircuits on 
the sidewalls of the active layer structure and shortcircuits 
between light emitting units, even if, for example, the Solder 
oozes out. The solder material to be used to join the submount 
and element is preferably metal solder such as In, InAg, PbSn, 
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Snag, AuSn, AuGe, and AuSi. These solder materials can be 
appropriately selected inaccordance with the use temperature 
environment of the element and the like. 
0190. On the other hand, if substrate removal is scheduled, 
the whole or part of the substrate of any of the structures 
shown in FIGS. 1 to 9B is usually attached to a device 
Supporting-plate. This is so because if the Substrate is 
removed, the total thickness of the epitaxial layers is at most 
about 15um, so the mechanical strength is insufficient. 
0191 The device-supporting-plate is essentially capable 
of functioning as a Support of the epitaxial layers after Sub 
strate removal. In addition, the device-Supporting-plate favor 
ably has functions of Supplying an electric current and radi 
ating heat after the device is completed. From this point of 
view, the base material of the device-Supporting-plate is pref 
erably one of AIN. SiC., diamond, BN, and CuW. These mate 
rials are favorable because they are superior in heat radiation 
properties and can efficiently reduce the problem of heat 
generation that is unavoidable in a high-output light emitting 
device. Al2O, Si, glass, and the like are also desirable 
because they are inexpensive and widely usable as a device 
Supporting-plate. Furthermore, when partially decomposing 
the epitaxial layers into Ga as a metal and nitrogen by laser 
irradiation for substrate removal (to be described later), wet 
etching is preferably performed to remove Ga as a metal. In 
this case, the device-Supporting-plate is favorably made of a 
material that is not etched. 
0.192 The device-supporting-plate preferably has an elec 
trode interconnection for carrier injection on the base mate 
rial in order to have both the functions of injecting carriers and 
radiating heat after the device is completed, and preferably 
has an adhesive layer for appropriately attaching the device 
and Support in a portion of the electrode interconnection on 
which the device is to be mounted. Although the adhesive 
layer can be paste containing Ag, a metal bump, or the like, 
the layer is very preferably made of metal solder from the 
viewpoint of the heat radiation properties. The metal solder 
can achieve flip chip mounting much Superior in heat radia 
tion properties to the paste material containing Ag, the metal 
bump, and the like. The metal solder preferably contains a 
material selected from In, InAg, InSn, Snag, PbSn, AuSn, 
AuGe, and AuSi, and is particularly favorably solders high 
melting point Such as AuSn, AuSi, or AuGe. This is so 
because when a large electric current is Supplied to operate 
the light emitting device at an ultrahigh output, the tempera 
ture near the device rises to about 200° C. Accordingly, the 
metal Solder having a melting point higher than the device 
temperature during driving as the melting point of a solder 
material is more favorable. In some cases, it is also desirable 
to use a bump in order to cancel out a step of the device during 
flip chip mounting, and form a junction while burying the 
bump with a metal solder material. 
0193 After the device is mounted on the device-support 
ing-plate, the Substrate can be removed. In this case, the 
Substrate can be removed by any method such as polishing, 
etching, or laser debonding. 
0194 When polishing a sapphire substrate, the substrate 
can be removed by using a polishing material Such as dia 
mond. The substrate can also be removed by dry etching. 
Furthermore, when sapphire is the substrate and the epitaxi 
ally grown portion is made of an InAlGaN-based material, it 
is possible to perform laser debonding that removes the sap 
phire substrate by irradiating, from the substrate side, a 248 
nm excimer laser transmitted through the Sapphire Substrate 
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and absorbed by GaN used in a buffer layer or the like, thereby 
decomposing GaN as a part of the buffer layer into Ga as a 
metal and nitrogen. 
(0195 When ZnO is the substrate, the substrate can also be 
wet-etched by using an etchant Such as HC1. 

EXAMPLES 

(0196. The features of the present invention will be 
explained in more detail below by way of its examples. The 
materials, amounts of use, ratios, processing contents, proce 
dures, and the like exemplified in the following examples can 
be appropriately changed as long as they do not depart from 
the spirit and scope of the invention. Accordingly, the scope of 
the present invention should not be limitedly interpreted by 
means of the following practical examples. Also, the draw 
ings referred to in the following examples have portions in 
which dimensions are intentionally changed to facilitate 
understanding the structures. However, the actual dimensions 
are as described in the following explanation. 

Example 1 

0197) The semiconductor light emitting device exemplar 
ily shown in FIG. 1 was fabricated following the procedure 
explained below so as to be mounted by flip chip mounting as 
shown in FIG. 10. FIG. 10 corresponds to the exemplary 
section along the linebb'. 
0198 On a 430-um thick c-plane sapphire substrate, 
10-nm thick undoped GaN grown at a low temperature was 
grown as a first buffer layer by MOCVD, and 2-um thick 
undoped GaN was grown at 1,040°C. as a second buffer layer 
after that. In addition, a 2-um thick Si-doped (Si concentra 
tion=1x10" (cm)) GaN layer was formed as a first-conduc 
tion-type second cladding layer, a 0.5-lum thick Si-doped (Si 
concentration=2x10" (cm)) GaN layer was formed as a 
first-conduction-type contact layer, and a 0.1-um thick Si 
doped (Si concentration=1.5x10" (cm)) Al-GassN 
layer was formed as a first-conduction-type first cladding 
layer. As an active layer structure, a 13-nm thick undoped 
GaN layer was grown at 850° C. as a barrier layer, a 2-nm 
thick undoped Ino, Gao N layer was formed at 720° C. as a 
quantum well layer, a 13-nm thick undoped GaN layer was 
formed at 850° C. as a barrier layer, a 2-nm thick undoped 
In GaN layer was formed at 720° C. as a quantum well 
layer, a 13-nm thick undoped GaN layer was formed at 850° 
C. as a barrier layer, a 2-nm thick undoped Ino, Gao N layer 
was formed at 720° C. as a quantum well layer, a 13-nm thick 
undoped GaN layer was formed at 850° C. as a barrier layer, 
a 2-nm thick undoped Ino, Gao N layer was formed at 720° 
C. as a quantum well layer, a 13-nm thick undoped GaN layer 
was formed at 850° C. as a barrier layer, a 2-nm thick undoped 
In Gao N layer was formed at 720° C. as a quantum well 
layer, and a 13-nm thick undoped GaN layer was formed at 
850° C. as a barrier layer. The growth temperature was raised 
to 1,025° C., and 0.1-um thick Mg-doped (Mg concentra 
tion 5x10" (cm)) Alois GaossN was formed as a second 
conduction-type first-conduction-type cladding layer. Suc 
cessively, 0.05-um thick Mg-doped (Mg concentration=5x 
10' (cm)) GaN was formed as a second-conduction-type 
second cladding layer. Finally 0.02-um thick Mg-doped (Mg 
concentration=1x10' (cm)) GaN was formed as a second 
conduction-type contact layer. 
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0199 After that, the temperature was gradually lowered in 
an MOCVD growing furnace, and the wafer was unloaded 
from the furnace, thereby finishing epitaxial growth. 
0200. To form a p-type-side electrode on the wafer having 
undergone epitaxial growth, photolithography was used to 
make a preparation for patterning a p-type-side electrode by 
lift-off, and form a resist pattern. 200-A thick Niand 5,000-A 
thick Au were formed by vacuum evaporation Such that a 
curve of constant width or a constant-width figure for forming 
a previously designed p-type-side electrode was a circle hav 
ing a diameter of 800 um, that the length of a portion between 
a rectangular first-extracting-portion forming the p-type-side 
electrode and a portion close to the constant-width figure was 
200 um, and that the width of the other side of the first 
extracting-portion was 75um, and that the length in the lon 
gitudinal direction of a rectangular second-extracting-portion 
forming the p-type-side electrode and spaced apart from the 
constant-width figure was 1,150 um, and that the width in the 
lateral direction was 75 um. Unnecessary portions were 
removed in acetone by lift-off. After that, the p-type-side 
electrode was completed by annealing. In this case, no dam 
age was inflicted on a p-type-side carrier-injecting-region 
because the p-type-side electrode was formed without any 
plasma process or the like. 
0201 Subsequently, an etching mask was formed in order 
to perform a first etching step. That is, p-CVD was used to 
form 0.4-lum thick SiN. on the entire wafer surface at a sub 
strate temperature of 400° C. Since Au covered the p-type 
side electrode surface, the surface was not damaged at all by 
the SiN film formation process using p-CVD. The SiN. mask 
was patterned by performing photolithography again, thereby 
forming an SiN etching mask. In this step, unnecessary por 
tions of the SiN film were etched away by RIE using SF 
plasma, the mask was left behind on portions where the 
epitaxial layers were not to be etched in the first etching step 
(to be described later), and the SiN film was removed from 
portions corresponding to those portions of the epitaxial lay 
ers which were scheduled to be etched away. 
0202 As the first etching step, ICP plasma etching using 
Cl gas was performed on the p-GaN contact layer, the p-GaN 
second cladding layer, the p-A1GaN first cladding layer, the 
active layer structure including the InGaN quantum well lay 
ers and GaN barrier layers, and the n-AlGaN first cladding 
layer, and to the middle of the n-GaN contact layer, thereby 
exposing the n-type contact layer as an n-type carrier-inject 
ing-portion. 
0203. After ICP plasma etching was complete, the SiN 
mask was entirely removed by using buffered hydrofluoric 
acid. Since Au was exposed to the p-type-side electrode Sur 
face, the surface was not damaged at all by the SiN film 
formation process using p-CVD in this case as well. 
0204 Then, a dielectric multilayered film made of SiN 
and SiO, was formed as an insulator on the entire wafer 
surface by p-CVD. That is, the SiN. and SiO, layers were 
formed one by one so as to have a thickness by which the 
optical wavelength was "/4 the emission wavelength of the 
device, thereby obtaining a relatively high-reflectivity to the 
emission wavelength. 
0205 Subsequently, a resist mask was formed by photoli 
thography in order to simultaneously form a p-type-side elec 
trode exposed portion on the p-type-side electrode made of 
Ni-Au, and an n-type-side carrier-injecting-region on the 
n-type-side contact layer. 
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0206. The dielectric multilayered film (insulator) on 
which no resist mask was formed was removed by using an 
RIE plasma of SF gas such that the periphery of the curve of 
constant width or the constant-width figure portion of the 
p-type-side electrode was covered by 150 um with the insu 
lator made of SiN. and SiO, the first-extracting-portion was 
entirely covered with the insulator, and the periphery of the 
second extracting portion was covered by 15 um with the 
insulator made of SiN, and SiO, 
0207. After that, the resist mask used was removed by 
acetone, and ashed away by RIE using oxygen plasma. Since 
Au was exposed to the Surface of the p-type-side electrode, 
the surface was not damaged at all by the SiN film formation 
process using p-CVD in this case as well. 
0208. To forman n-type-side electrode, photolithography 
was used to prepare for patterning of an n-type-side electrode 
by lift-off, and form a resist pattern. In this step, in a portion 
where an n-type-side electrode Surrounded the circular con 
stant-width figure of the p-type-side electrode, the distance X 
shown in FIG. 1, that is, the shortest distance from the portion 
where the p-type-side electrode was in contact with the 
p-type-side contact layer to the portion where an n-type-side 
electrode was in contact with the n-type-side contact layer 
was set at 75um. As an n-type-side electrode, 200-A thick Ti 
and 3,000-A thick Al were formed on the entire wafer surface 
by Vacuum evaporation, and unnecessary portions were 
removed in acetone by lift-off. After that, the n-type-side 
electrode was completed by annealing. The n-type-side elec 
trode was formed such that its periphery was in contact with 
the insulator by about 20 um in order to make the area of the 
n-type-side electrode larger than that of the n-type-side car 
rier-injecting region, and that the n-type-side electrode did 
not overlap the p-type-side electrode. This facilitated flip chip 
bonding using metal Solder, and improved the heat radiation 
properties and the like. An Al electrode is readily modified by, 
for example, a plasma process, and etched by, for example, 
hydrofluoric acid. However, the n-type-side electrode was not 
damaged at all because it was formed at the end of the device 
formation process. 
0209 Subsequently, to divide discrete light emitting 
devices formed on the wafer, a diamond scriber was used to 
form scribe-lines from the substrate side so as to obtain a 
square device of 1,200 mm width. In addition, breaking was 
performed along these scribe lines, thereby completing each 
compound semiconductor light emitting device. The device 
was then mounted on a device-Supporting-plate by using 
AuSn Solder, thereby completing the light emitting device. 
When carriers were injected into this device, light emitted 
from the p-type-side electrode in the main light extracting 
direction was uniform although the size of the p-type-side 
electrode was large. 

Example 2 

0210. A device having the electrode shape shown in FIG. 
7B was fabricated following the procedure explained below 
So as to be mounted by flip chip mounting while a substrate 
was removed as shown in FIG. 11. FIG. 11 corresponds to cc' 
in FIG. 7B. 
0211. On a 430-um thick c-plane sapphire substrate, 
20-nm thick undoped GaN grown at a low temperature was 
grown as a first buffer layer 1 by MOCVD, and 1-um thick 
undoped GaN layer was formed at 1,040° C. as a second 
buffer layer 2 after that. Successively, a 2-um thick Si-doped 
(Si concentration=1x10" (cm)) GaN layer was grown as a 
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first-conduction-type second cladding layer, a 0.5-m thick 
Si-doped (Si concentration=2x10" (cm)) GaN layer was 
formed as a first-conduction-type contact layer, and a 0.1-um 
thick Si-doped (Si concentration=1.5x10" (cm)) Al 
15Gaoss N layer was formed as a first-conduction-type first 
cladding layer. In addition, as an active layer structure, a 
13-nm thick undoped GaN layer was formed at 850° C. as a 
barrier layer, a 2-nm thick undoped Ino, Gaos, N layer was 
formed at 715° C. as a quantum well layer, a 13-nm thick 
undoped GaN layer was formed at 850° C. as a barrier layer, 
a 2-nm thick undoped InGaos,N layer was formed at 715° 
C. as a quantum well layer, a 13-nm thick undoped GaN layer 
was formed at 850° C. as a barrier layer, a 2-nm thick undoped 
In Gaos,N layer was formed at 715° C. as a quantum well 
layer, and a 13-nm thick undoped GaN layer was formed at 
850° C. as a barrier layer. 
0212. The growth temperature was raised to 1,025°C., and 
0.1-um thick Mg-doped (Mg concentration=5x10" (cm)) 
AlosGaoss N was formed as a second-conduction-type first 
conduction-type cladding layer. Successively, 0.05-um thick 
Mg-doped (Mg concentration=5x10" (cm)) GaN was 
formed as a second-conduction-type cladding layer. Finally, 
0.02-um thick Mg-doped (Mg concentration=1x10' (cm)) 
GaN was formed as a second-conduction-type contact layer. 
0213. After that, the temperature was gradually lowered in 
an MOCVD growing furnace, and the wafer was unloaded 
from the furnace, thereby terminating epitaxial growth. 
0214) To form a p-type-side electrode on the wafer having 
undergone epitaxial growth, photolithography was used to 
make a preparation for pattering a p-type-side electrode by 
lift-off, and form a resist pattern. That is, to form a plurality of 
previously designed p-type-side electrodes, a Reuleaux tri 
angle was used as each of a plurality of curve of constant 
width or constant-width figure portions, a plurality of extract 
ing-electrode-portions were formed by combining rect 
angles, the width of each Reuleaux triangle was set at 500 um, 
the length of a portion where a rectangular extracting-portion 
1 forming a p-type-side electrode and close to the constant 
width figure was in contact with the constant-width figure 
portion was set at 50 lum, and the width of the extracting 
portion 1 was also set at 50 Lum. To arrange the constant-width 
figures as densely as possible, the length in the longitudinal 
direction of a rectangular second-extracting-portion spaced 
apart from the constant-width figure was adjusted. 
0215. Then, 200-A thick Pd and 10,000-A thick Au were 
formed by vacuum evaporation, and unnecessary portions 
were removed in acetone by lift-off. 
0216. After that, the p-type-side electrodes were com 
pleted by annealing. In this case, no damage was inflicted on 
a p-type-side carrier-injecting-region, because the p-type 
side electrode was formed without any plasma process or the 
like. 
0217 Subsequently, an etching mask was formed in order 
to perform a first etching step of exposing the first-conduc 
tion-type contact layer as a preparation for forming a first 
conduction-type-side electrode. That is, an SiN film was 
formed on the entire wafer Surface by vacuum evaporation. 
The SiN. mask was patterned by performing photolithogra 
phy again, thereby forming a first etching mask. As the first 
etching step, ICP plasma etching using C12 gas was per 
formed on the p-GaN contact layer, the p-GaN second-con 
duction-type cladding layer, the p-A1GaN first-conduction 
type cladding layer, the active layer structure including the 
InGaN quantum well layers and GaN barrier layers, and the 
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n-AlGaN first cladding layer, and to the middle of the n-GaN 
contact layer, thereby exposing the n-type contact layer as an 
n-type carrier-injecting-portion. 
0218. After ICP plasma etching was complete, the SiN 
mask was entirely removed. Since Au was formed on the 
p-type-side electrode surface, the Surface was not damaged at 
all by any of these processes in this case as well. 
0219. To forman n-type-side electrode, photolithography 
was used to make a preparation for patterning an n-type-side 
electrode by lift-off, and form a resist pattern. In this step, in 
a portion where an n-type-side electrode surrounded the Reu 
leaux triangle of the p-type-side electrode, the distance X 
shown in FIG. 7B, that is, the shortest distance from the 
portion, where the p-type-side electrode was in contact with 
the p-type-side contact layer to the portion, where an n-type 
side electrode was in contact with the n-type-side contact 
layer, was set to be 75um. 
0220. As an n-type-side electrode, 200-A thick Ti and 
15,000-A thick Al were formed on the entire wafer surface by 
vacuum evaporation, and unnecessary portions were removed 
in acetone by lift-off. After that, the n-type-side electrode was 
completed by annealing. 
0221) Then, as a preparation for substrate removal, the 
whole wafer having the light emitting device was mounted by 
using AnSn solder on a device-Supporting-plate made of AlN 
and having Ti/Pt/Au metal interconnections formed on the 
Surface. During mounting, the device-Supporting-plate and 
the wafer having the light emitting device were heated to 300° 
C. So that the p-type-side electrodes and n-type-side elec 
trodes were connected by AuSn solder to the respectively 
designed metal interconnections on the Support. 
0222 Subsequently, substrate removal (laser debonding) 
was performed by emitting an excimer laser having a wave 
length of 248 nm from the substrate surface on which no 
epitaxial growth was performed. After that, Gia generated 
when the GaN buffer layer was partially decomposed into 
nitrogen and Ga was removed by wet etching. 
0223. After the substrate was removed, a dicing-saw was 
used to cut the wafer having the device-Supporting-plate and 
light emitting device in order to obtain a light emitting device 
including a desired number of constant-width figure portions 
by dividing the ultra-thin-film light emitting device mounted 
on the Support by the metal Solder. In this manner, a com 
pound semiconductor light emitting device having a plurality 
of main-electrodes including curve of constant width or con 
stant-width figure portions and a plurality of extracting-elec 
trodes was completed. When carriers were injected into this 
device, light emitted from the p-type-side electrode in the 
main light extracting direction was uniform even although the 
size of the p-type-side electrode was large and the outer shape 
of the device was also large. 

1. A light emitting device having a first-conduction-type 
cladding layer, an active layer structure, and a second-con 
duction-type cladding layer, each of which comprises a III-V 
compound semiconductor, said active layer structure being 
located between said first-conduction-type cladding layer and 
said second-conduction-type cladding layer, said light emit 
ting device comprising: 

a first-conduction-type-side electrode configured to inject 
carriers into said first-conduction-type cladding layer, 
and 

a second-conduction-type-side electrode configured to 
inject carriers into said second-conduction-type clad 
ding layer, 
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wherein said first-conduction-type-side electrode has an 
opening, and said second-conduction-type-side elec 
trode has a main-electrode-portion partially Surrounded 
by said first-conduction-type-side electrode, and an 
extracting portion configured to extract said main-elec 
trode-portion outside said first-conduction-type-side 
electrode through the opening, and 

said main-electrode-portion is a part of a curve of constant 
width or a constant-width figure, and an interval 
between an outer edge of said main-electrode-portion 
and an inner edge of said first-conduction-type-side 
electrode is Substantially constant. 

2. A light emitting device according to claim 1, wherein 
said active layer structure, said second-conduction-type clad 
ding layer, and said second-conduction-type-side electrode 
are arranged on a Surface of said first-conduction-type clad 
ding layer in a first direction, and said first-conduction-type 
side electrode is formed on the surface of said first-conduc 
tion-type cladding layer in the first direction to partially 
Surround said active layer structure, said second-conduction 
type cladding layer, and said second-conduction-type-side 
electrode. 

3. A light emitting device according to claim 1, further 
comprising a Support Substrate, 

wherein said Support Substrate Supports one of two Sur 
faces, from which said first-conduction-type-side elec 
trode and said second-conduction-type-side electrode 
are exposed, of a structure comprising said first-conduc 
tion-type cladding layer, said active layer structure, said 
second-conduction-type cladding layer, said first-con 
duction-type-side electrode, and said second-conduc 
tion-type-side electrode. 

4. A light emitting device according to claim 1, wherein the 
curve of constant width or the constant-width figure includes 
a circle. 

5. A light emitting device according to claim 1, wherein the 
curve of constant width or the constant-width figure includes 
a Reuleaux polygon. 

6. A light emitting device according to claim 1, wherein the 
curve of constant width or the constant-width figure includes 
a Reuleaux triangle. 

7. A light emitting device according to claim 1, wherein, 
assuming W to be a width of said main-electrode-portion, W 
satisfies 

400 meWs 2500 m (1), 

8. A light emitting device according to claim 1, wherein 
said extracting-portion includes comprises a portion which 
narrows toward said main-electrode-portion. 

9. A light emitting device according to claim 1, wherein 
said extracting-portion includes comprises a rectangular por 
tion. 

10. A light emitting device according to claim 1, wherein, 
assuming W to be a width of said main-electrode-portion and 
L to be a width of a portion where said main-electrode 
portion and said extracting-portion are in contact with each 
other, W and Lisatisfy 

W720sLs W (2), 

11. A light emitting device according to claim 1, wherein, 
assuming L to be an outer edge length of a portion of said 
second-conduction-type-side electrode which is Surrounded 
by said first-conduction-type-side electrode, and L to be an 
outer edge length of a portion of said second-conduction 
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type-side electrode which is a part of the curve of constant 
width or the constant-width figure, L and La Satisfy. 

L2/2s L3 sL2 (3) 

12. A light emitting device according to claim 1, wherein, 
assuming X to be the interval between the outer edge of said 
main-electrode-portion and the inner edge of said first-con 
duction-type-side electrode, X satisfies 

3 mexis500 m (4), 

13. A light emitting device according to claim 1, wherein 
said main-electrode-portion comprises a plurality of main 
electrode-portions. 

14. A light emitting device according to claim 1, wherein a 
peripheral portion of said second-conduction-type-side elec 
trode is covered with aninsulator. 

15. A light emitting device according to claim 1, wherein 
said first-conduction-type-side electrode is configured to 
inject carriers into said first-conduction-type cladding layer 
through an opening formed in aninsulator. 

16. A light emitting device according to claim 14, wherein 
said insulator comprises at least one material selected from 
the group consisting of SiO, AIO, TiO, TaO, Hfo, ZrO, 
SiN. AlN, AlF, BaF, CaF, SrF, and MgF. 

17. A light emitting device according to claim 14, wherein 
said insulator comprises a plurality of layers. 

18. A light emitting device according to claim 1, wherein 
said first-conduction-type cladding layer, said active layer 
structure, and said second-conduction-type cladding layer 
each comprise an element selected from the group consisting 
of In, Ga., Al, B, and N. 

19. A light emitting device according to claim 1, wherein 
said active layer structure comprises a quantum well layer and 
a barrier layer, and, assuming B to be the number of barrier 
layers and W to be the number of quantum well layers, Band 
W satisfy 

B=1 (5), 

20. A light emitting device according to claim 1, further 
comprising a first-conduction-type contact layer between 
said first-conduction-type cladding layer and said first-con 
duction-type-side electrode. 

21. A light emitting device according to claim 1, further 
comprising a second-conduction-type contact layer between 
said second-conduction-type cladding layer and said second 
conduction-type-side electrode. 

22. A light emitting device according to claim 1, wherein 
said first-conduction-type cladding layer comprises an n-type 
semiconductor layer, and said second-conduction-type clad 
ding layer comprises a p-type semiconductor layer. 
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23. A light emitting device having a first-conduction-type 
cladding layer, an active layer structure, and a second-con 
duction-type cladding layer, each of which comprises a III-V 
compound semiconductor, said active layer structure being 
sandwiched between said first-conduction-type cladding 
layer and said second-conduction-type cladding layer, said 
light emitting device comprising: 

a first-conduction-type-side electrode configured to inject 
carriers into said first-conduction-type cladding layer; 
and 

a second-conduction-type-side electrode configured to 
inject carriers into said second-conduction-type clad 
ding layer, 

wherein said first-conduction-type-side electrode has an 
opening, and said second-conduction-type-side elec 
trode has a main-electrode-portion partially Surrounded 
by said first-conduction-type-side electrode, and an 
extracting portion configured to extract said main-elec 
trode-portion outside said first-conduction-type-side 
electrode through the opening, and 

said extracting portion includes a first extracting portion 
extending through the opening, and a second extracting 
portion formed along a part of an outer edge of said 
first-conduction-type-side electrode. 

24. A light emitting device having a first-conduction-type 
cladding layer, an active layer structure, and a second-con 
duction-type cladding layer, each of which comprises a III-V 
compound semiconductor, said active layer structure being 
sandwiched between said first-conduction-type cladding 
layer and said second-conduction-type cladding layer, said 
light emitting device comprising: 

a first-conduction-type-side electrode configured to inject 
carriers into said first-conduction-type cladding layer; 
and 

a second-conduction-type-side electrode configured to 
inject carriers into said second-conduction-type clad 
ding layer, 

wherein said first-conduction-type-side electrode includes 
a straight portion having an outer edge formed by 
straight lines, and has an opening in a Substantially cen 
tral portion of said straight portion, and said second 
conduction-type-side electrode has a main-electrode 
portion partially Surrounded by said first-conduction 
type-side electrode, and an extracting portion 
configured to extract said main-electrode-portion out 
side said first-conduction-type-side electrode through 
the opening. 


